The aim of the present study was to examine the associations of cardiovascular fitness (CVF) with a clustering of metabolic risk factors in children, and to examine whether there is a CVF level associated with a low metabolic risk. CVF was estimated by a maximal ergometer bike test on 873 randomly selected children from Sweden and Estonia. Additional measured outcomes included fasting insulin, glucose, triglycerides, HDLC, blood pressure, and the sum of five skinfolds. A metabolic risk score was computed as the mean of the standardized outcomes scores. A risk score Ͻ75th percentile was considered to indicate a low metabolic risk. CVF was negatively associated with clustering of metabolic risk factors in children. Receiver operating characteristic curve analysis showed a significant discriminatory accuracy of CVF in identifying the low/ high metabolic risk in girls and boys (p Ͻ 0.001). The CVF level for a low metabolic risk was 37.0 and 42.1 mL/kg/min in girls and boys, respectively. These levels are similar to the health-related threshold values of CVF suggested by worldwide recognized organizations. In conclusion, the results suggest a hypothetical CVF level for having a low metabolic risk, which should be further tested in longitudinal and/or intervention studies. (Pediatr Res 61: 350-355, 2007) 
C VF is as a direct marker of physiologic status and reflects the overall capacity of the cardiovascular and respiratory systems, and the ability to carry out prolonged physical exercise (1) . High CVF during childhood and adolescence has been associated with a healthier cardiovascular profile during these years (2) (3) (4) (5) and also later in life (6) . Associations between high CVF and a favorable plasma lipid profile in both overweight and nonoverweight Spanish adolescents have been reported (3) . Moreover, CVF has been associated with body fat (4) , with features of the metabolic syndrome (2) , and with arterial compliance (5) in young population, which supports the concept that CVF may exert a protective effect on the cardiovascular system from an early age. Recently, low CVF has been considered as a risk factor in children and adolescents to the same extent as low HDL cholesterol (HDLC) or insulin resistance (7) .
It is biologically plausible that high CVF provides more health protection than low CVF even in healthy children and adolescents, as has been found in adults (8 -10) . Low CVF seems to be an independent predictor of metabolic syndrome in men and women (9) , and low CVF could be another mechanism of overall cardiovascular disease. Moreover, CVF seems to prevent premature mortality regardless of body weight status or the presence of metabolic syndrome in adult men (10) . Collectively, cross-sectional, longitudinal, and interventional studies support the notion that CVF is a key correlate of the metabolic syndrome phenotype in the young and adult population.
Despite evidence of the association between CVF and single cardiovascular disease risk factors in young and adult populations, whether health criteria values for CVF can be identified and the implications of these from the public health perspective are still uncertain. In this respect, several healthrelated threshold values of CVF have been suggested by worldwide recognized organizations (11, 12) . However, no consensus exists regarding the minimum CVF level associated with a clustering of cardiovascular disease risk factors in children. It has been suggested that clustering of cardiovascular disease risk factors is a better measure of cardiovascular health in young people than single risk factors, and that composite risk score could, to some extent, compensate for day-to-day fluctuations in the single risk factors (7) .
For public health strategies and preventive purposes, it is of interest to have evidence-based health criteria values for CVF from an early age. The aim of the present study was to examine the associations of CVF with a clustering of metabolic risk factors in children, and to examine whether there is a CVF level associated with a low metabolic risk.
METHODS
The study involved 1140 children aged 9 -10 y, of which 873 (444 girls, 429 boys) from the Estonian and Swedish (539 and 334, respectively) part of the European Youth Heart Study (EYHS) provided a complete data set. The EYHS is a school-based, cross-sectional study designed to examine the interactions between personal, environmental, and lifestyle influences on the risk factor for future cardiovascular diseases. Study design, selection criteria, and sample calculations have been reported elsewhere (13, 14) . The local ethical committees approved the study (Ö rebro City Council no. 690/98, Huddinge University Hospital no. 474/98, and University of Tartu no. 49/30-1997). One parent or legal guardian provided written informed consent, and all children gave verbal consent.
Physical examination. Height, weight, and skinfold thickness (biceps, triceps, subscapular, suprailiac, and triceps surae) were measured by standardized procedures. A description of the measurements has been published elsewhere (4) . Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). The sum of five skinfold thicknesses was used as an indicator of body fat rather than BMI, because it has been suggested that BMI is not a good measurement of body fat in children (15) , and because fatness rather than weight has been shown to be associated with poor health (16) . Skinfold thickness has been shown to highly correlate with dual-energy x-ray absorptiometry-measured body fat percentage in children of similar ages (17) . Identification of pubertal development was assessed according to Tanner (18) . Pubertal stage was assessed by a researcher of the same gender as the child by brief observation. Breast development in girls and genital development in boys were used for pubertal classification.
Blood pressure. The systolic and diastolic blood pressures were measured with an automatic oscillometric method (Dinamap model XL, Critikon, Inc., Tampa, FL). The equipment has been validated in children (19) . The subject was in a seated and relaxed position, and recordings were made every second minute for 10 min with the aim of obtaining a set of systolic recordings not varying by more than 5 mm Hg. The mean value of the last three recordings was used as the resting systolic and diastolic blood pressure, in mm Hg.
Blood samples. Serum concentrations of triglycerides, HDLC, glucose, and insulin were measured after an overnight fast. A detailed description of the blood analysis has been reported by Wennlöf et al. (20) .
Clustering of metabolic risk factors. The clustering of metabolic risk factors was computed from the following variables: insulin, glucose, HDLC, triglycerides, skinfold thickness, and blood pressure (systolic and diastolic). Each of these variables was standardized as follows: standardized value ϭ (value -mean)/SD. The HDLC standardized value was multiplied by -1 to confer higher risk with increasing value for the purpose of calculating the metabolic risk. The standardized values of systolic and diastolic blood pressure were averaged. The metabolic risk score was calculated as the mean of the six standardized scores separately for boys and girls. Children being below the 75th percentile of the score were defined as having low metabolic risk, and children being at or above the 75th percentile of the score were defined as having high risk. Moreover, low (high) metabolic risk was considered when the individual had Ͻ1 SD (Ն1 SD) of this score.
CVF. CVF was determined by a maximum cycle-ergometer test as described elsewhere (21) . Briefly, the workload was preprogrammed on a computerized cycle-ergometer (Monark 829E, Ergomedic, Vansbro, Sweden) to increase every third minute until exhaustion. Criteria for exhaustion were a heart rate Ն185 beats per minute, failure to maintain a pedaling frequency of at least 30 revolutions per minute, and a subjective judgment by the observer that the child could no longer keep up, even after vocal encouragement. The power output was calculated as being equal to W 1 ϩ (W 2 · t/180), where W 1 is a work rate at fully completed stage, W 2 is the work rate increment at final incomplete stage, and t is time in seconds at final incomplete stage. The "Hansen formula" for calculated VO 2max in mL/min was is equal to 12 ϫ calculated power output ϩ 5 ϫ body weight in kilograms (21) .
Statistical analysis. The data are presented as mean (SD) unless otherwise stated. All variables were checked for normality of distribution before the analysis, and transformations were applied when necessary. Skinfold thickness and triglycerides were logarithmically transformed, and the square root of insulin values was calculated. Untransformed data are presented for ease of interpretation. Gender differences were assessed by ANOVA, inasmuch as there was a significant interaction between gender and CVF. Associations between metabolic risk factors and CVF quartiles were assessed by ANOVA, as were the associations between clustering of metabolic risk factors and CVF quartiles. Differences of metabolic risk factors among CVF quartiles were assessed by Tukey's test. There was not a significant interaction between pubertal development and CVF.
The CVF threshold to discriminate between either a low or high metabolic risk by ROC curve was calculated. ROC curve is a plot of all the sensitivity/ specificity pairs resulting from varying the decision threshold (22) . Sensitivity (or true-high rate) is the proportion of the sample correctly identified as having a high metabolic risk. Specificity is the proportion of subjects correctly identified as having a low metabolic risk. On the y axis, sensitivity is plotted, and, on the x axis, is the 1 -specificity (false-high rate). False-high rate is the proportion of subjects having a low metabolic risk that have been incorrectly identified as having a high metabolic risk. The perfect test that correctly classifies all subjects has a true-high rate of 1 and false-high rate of 0. Therefore, the optimal combination of true-high rate and false-high rate is the point closest to the perfect test (upper left corner of the graph). To identify the best threshold, the distance between the perfect test and each sensitivity and 1 -specificity pair was calculated, and, then, the pair closest to 1 was chosen. The AUC and 95% confidence interval (CI) were calculated. The AUC represents the ability of the test to correctly classify children having a low/high metabolic risk. The values of AUC range between 1 (perfect test) to 0.5 (worthless test). Finally, binary logistic regression was used to study the relationship between metabolic risk and CVF. All analyses were performed using the Statistical Package for Social Sciences (SPSS, version 13.0 for Windows; SPSS Inc., Chicago, IL), and the level of significance was set at ␣ ϭ 0.05.
RESULTS
None of the analyzed variables showed a statistically significant difference between the included subjects and the subjects who did not provided a whole set of data. Valid CVF data were obtained in 85% of the studied subjects. Pubertal development status was obtained from 96% of the children; 97% had blood pressure measurements and 98% had blood measurements. The descriptive characteristics of the study sample are shown in Table 1 . One way ANOVA showed that, in girls, skinfold thickness, insulin, and triglycerides decreased across CVF quartiles, whereas, in boys, skinfold thickness and insulin decreased across CVF quartiles ( Table  2 ). The clustering of metabolic risk factors also decreased across CVF quartiles in both girls and boys (Fig. 1) . Tukey's test showed that, in girls, skinfold thickness was 22%, 27%, and 36% higher in the first CVF quartile (i.e. lowest and/or worst CVF quartile) compared with the second, third, and fourth CVF quartiles (i.e. highest and/or best CVF quartiles), respectively. In boys, skinfold thickness was 26%, 31%, and 40% higher in the first CVF quartile compared with the second, third, and fourth CVF quartiles, respectively. Insulin values were 1%, 15%, and 21% higher in the first CVF quartile compared with the second, third, and fourth CVF quartiles in girls, respectively. In boys, insulin values were 23%, 13%, and 20% higher in the first CVF quartile compared with the second, third, and fourth CVF quartiles, respectively. Triglyceride values were 13% higher in the first CVF quartile 351 than in the fourth CVF quartile in girls ( Table 2 ). The metabolic risk score was 12%, 23%, and 29% higher in the first CVF quartile than in the second, third, and fourth CVF quartiles in girls, respectively, whereas, in boys, it was 23%, 19%, and 30% higher in the first CVF quartile than in the second, third, and fourth CVF quartiles, respectively (Fig. 1) . The results did not change when skinfold thickness was adjusted for height. ROC analysis showed a significant discriminating accuracy of CVF in identifying a low/high metabolic risk in girls (AUC ϭ 0.68, 95% CI: 0.62-0.73; p Ͻ 0.001), and in boys (AUC ϭ 0.67, 95% CI: 0.61-0.73; p Ͻ 0.001) (Fig. 2) . In girls, the optimal pair of true-high and false-high rates was 0.65 and 0.33, respectively, and 0.65 and 0.39 in boys. The CVF values at these points were 37.0 and 42.1 mL/kg/min in girls and boys, respectively. Logistic regression analysis showed that girls with CVF levels above 37.0 mL/kg/min had an increased odds ratio of having a low metabolic risk when compared with those with CVF levels below this value (odds ratio, 3.09; 95% CI: 1.98 -4.82; p Ͻ 0.001). Boys with CVF levels above 42.1 mL/kg/min had an increased odds ratio of having a low metabolic risk than those with CVF levels below this value (odds ratio, 2.42; 95% CI: 1.56 -3.76; p Ͻ 0.001). The CVF levels and the odds ratios remained the same when the low metabolic risk was considered to be at Ͻ1 SD (data not shown). However, the AUC was slightly bigger than the AUC obtained when the cutoff was established at Ͻ75th percentile for both genders (data not shown). Because no interaction was found by country, all the analyses were performed with Estonia and Sweden together to have a stronger statistical power. In addition, the results remained similar when the analyses were performed separately for countries.
DISCUSSION
The main findings of this study were that CVF is associated with clustering of metabolic risk factors in children. Moreover, the results suggest a hypothetical CVF level for having a low metabolic risk. Having health criterion values for CVF from an early age is of special interest because it can be used to quantify another risk factor for cardiovascular disease in primary prevention and health promotion policies. CVF values could be also adopted by the schools as a "fitness standard" to encourage children to engage in physical activity to achieve and go beyond the required CVF levels. Because the roots of cardiovascular diseases have been found in childhood (23) , lifestyle modification during these years may be effective in lowering cardiovascular disease risk in later life. 
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CVF has a large genetic component (up to 40%) (24) . However, it is mainly determined by a person's activity level (4, (25) (26) (27) . Recent findings have shown that variation in CVF was significantly explained by at least moderate to vigorous [3-6 metabolic equivalents (MET)] physical activity (4). Further analysis revealed that children who engaged in at least 26 min/d of vigorous (Ͼ6 MET) physical activity had significantly higher CVF than those who accumulate 10 -18 min/d of vigorous physical activity. Taken together, these results suggest that those children with a CVF level below that required to have a low metabolic risk may be able to reach the desirable CVF level with adequate aerobic physical activity.
There is no standard pediatric definition of the metabolic syndrome. Several attempts have been made in adolescents aged 12-19 y by using criteria analogous to Adult Treatment Panel (ATP) III (28 -30) . Other approaches have been made elsewhere to compute a metabolic risk to signify a clustering of metabolic risk factors in healthy Danish children aged 9 -10 y (2). The risk score computed here is similar to that which was reported previously (2) because of similarities in ages of the studied subjects and methodology, and because no one child involved in the present study had three or more abnormalities in any of the parameters included in the ATP III definition (data not shown). The risk score computed here was arbitrarily dichotomized defining children having values equal or above 75th percentile of the score as being at high risk. The same percentile has been used in different health-related variables (e.g. waist circumference, BMI, triglycerides, insulin levels, systolic blood pressure, total cholesterol to HDLC ratio, plasma leptin, etc.) in a number of population-based studies to define subjects at low (Ͻ75th) or high (Ն75th) risk (31, 32) . Even if none of the children had clinical disease, a high metabolic risk may not be a desirable condition.
The test used to measure CVF has been previously validated in children of the same age (20) , and it was highly correlated with directly measured VO 2max (r ϭ 0.95 and r ϭ 0.90 in girls and boys, respectively) (21) . Maximum tests have been shown to be more accurate than submaximal tests to predict VO 2max (33) . CVF was expressed as VO 2max per kilogram of body mass because of the homogeneity in age, pubertal status, height, weight, and obesity grade of the children, and for the purpose of comparing the results with previous publications.
Previous studies in children and adolescents have shown associations between CVF and cardiovascular risk factors (2-6), whereas others failed to find associations between CVF and features of metabolic syndrome in overweight Latino youths aged 8 -14 y with a positive family history of type 2 diabetes (30) . Direct associations between increased CVF and clustering of metabolic risk factors in both girls and boys have been shown here, similar to another recent study in Danish children of the same age (2) . Associations between increased CVF and a favorable lipid profile and fasting glycemia in both overweight and nonoverweight Spanish adolescents (the AVENA study) showed a similar situation, and the main outcome was that CVF was an indicator of a favorable plasma lipid profile in male adolescents (3) .
In the AVENA study, ROC analysis showed a significant discriminatory accuracy of age-and sex-normalized CVF to identify either the presence or absence of a favorable plasma lipid profile in males but not in females (3) . The similar ROC analysis performed in the present study showed a significant discriminatory accuracy of CVF to identify either a low or high metabolic risk in both girls and boys (Fig. 2) . Girls with CVF levels above 37.0 mL/kg/min were 3.09 times more likely of having a low metabolic risk when compared with those with CVF levels below this value. Similarly, boys with CVF levels above 42.1 mL/kg/min were 2.42 times more likely to have a low metabolic risk when compared with those with CVF levels below this value. Taken together, these results suggest that high CVF is associated with low metabolic risk in children.
The mathematically calculated CVF levels in our study are similar to the health-related CVF threshold suggested by worldwide recognized organizations (11, 12) . Based on expert judgment, the European Group of Pediatric Work Physiology considered a VO 2max of Ն35 mL/kg/min for girls and Ն40 mL/kg/min for boys as a "Health Indicator" (11) . The Cooper Institute for Aerobics Research suggested Ն38 and Ն42 mL/ kg/min for girls and boys, respectively, as a criterion standard 
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for the "Healthy Fitness Zone" (12) . The cut-off points proposed by the Cooper Institute for adolescents were extrapolated from the thresholds established for adults. The approaches used to calculate the CVF thresholds were different in the previous studies and in our study, as well as the measured outcomes, age, and cultural and social factors of the study subjects. However, the similarities among the results support the existence of a hypothetical health criterion value for CVF in children.
The percentage of the population failing to reach the required level of CVF is of concern and suggests the need to interpret with prudence the meaning of these values. Among girls, 44% did not reach the CVF level, and neither did 40% of the boys. Longitudinal studies are needed to show whether those children having a CVF above the suggested values have a lower incidence of cardiovascular diseases later in life than those having a CVF below the suggested value.
The observations of the present study are limited by the cross-sectional design nature, i.e. direction of causality cannot be determined. The CVF fitness test requires relatively minor equipment (i.e. cycle-ergometer and a heart rate monitor) and can be easily performed in a clinical setting. However, a maximal test requires a maximal effort be made, which may not be adequate for a population with clinical pathology. The low AUC observed in this study together with the modest odds ratio for having a low metabolic risk in subjects with low/high CVF levels may indicate a low discriminatory ability for identifying children likely to have a high metabolic risk. However, it must be kept in mind that the children involved in this study were apparently healthy children with no previously diagnosed cardiovascular pathologies. We also do not know whether an extrapolation of the association may be made for children with subclinical manifestations of cardiovascular pathology. Nevertheless, with regular reports of increasing childhood metabolic-related diseases prevalence worldwide, the results of this study are noteworthy. The inclusion of a large number of subjects of the same age and the objective measurement of CVF are notable strengths of this study.
In conclusion, the present study shows that CVF is associated with clustering of metabolic risk factors in children. Moreover, the results suggest a hypothetical CVF level for having a low metabolic risk. The CVF levels shown here are similar to the health-related threshold values of CVF suggested by the European Group of Pediatric Work Physiology (11) , and by the Cooper Institute for Aerobics Research (12) . From a clinical point of view, these results add supporting evidence to the body of knowledge indicating the importance of having a high CVF from an early age. Longitudinal and/or intervention studies are needed to examine the impact of having low CVF in childhood on the likelihood of having cardiovascular diseases later in life.
